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ABSTRACT OF THESIS 
 
Antibiotic Resistance Gene Quantities in Commercially Available Garden Products  
 
by 
 
Marisol Hernández Cira 
Master of Science in Civil Engineering 
University of California, Los Angeles, 2019 
Professor Jennifer Ayla Jay, Chair 
 
Dissemination of antibiotic resistance genes (ARGs) in the environment has prompted 
concerns over the use of fertilizers to supply nutrients to plants. In this study, two sulfonamide 
resistance genes, sul1 and sul2, and one class 1 integron-integrase gene, intI1, were quantified in 
34 garden products, 3 community soils, and 5 natural soils. sul1, sul2, and intI1 were present in 
33, 34, and 31 garden products, respectively. sul1 absolute gene abundances ranged from 4.8 x 102 
- 9.4 x 107 gene copies per gram and relative gene abundances ranged from 9.0 x 10-6 - 4.9 x 10-2 
gene copies per 16s rRNA. Similarly, sul2 quantities ranged from 2.9 x 102 - 1.3 x 107 gene copies 
per gram and 6.1 x 10-6 - 5.9 x 10-1 gene copies per 16s rRNA. intI1 values were observed to range 
from 3.8 x 103 - 8.8 x 106 gene copies per gram and 3.4 x 10-5 - 5.1 x 10-2 gene copies per 16s 
rRNA. Although detected natural soils were approximately 2-4 orders of magnitude lower than 
garden products, community soils had comparable values to garden products. These results point 
to the importance of fertilizers in the proliferation of ARGs at the nexus of human-environment 
interaction.  
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3.0 INTRODUCTION 
The World Health Organization (WHO) has classified antibiotic resistance as one of the 
top three threats to public health in the 21st century.29 Currently, antibiotic resistance takes the 
lives of approximately 700,000 people per year and it is predicted that this number will increase 
to approximately 10 million people per year by 2050.23 With the occurrence of antibiotic resistance 
genes (ARGs) in drinking water, air, and soils from public parks, there exists growing concerns 
about how ARGs are disseminated into the environment.2,7 
A bacterium confers resistance to antibiotics through several mechanisms: reduced 
permeability, inactivation, target modification, development of a resistant biochemical pathway, 
and efflux (Figure 3.1).11,16 A bacterium then transfers mobile gene elements (MGEs) with ARGs 
such as plasmids, transposons, phages, and integrons to a previously antibiotic susceptible cell by 
conjugation (gene transfer through cell to cell contact), transduction (gene transfer mediated by 
bacteriophages), and transformation (uptake of extracellular DNA) via horizontal gene transfer 
(Figure 3.2). In addition, ARGs proliferate via selective pressure antibiotics place on bacteria and 
co-selective pressure from heavy metals.6 
Hospitals, wastewater treatment plants (WWTPs), concentrated animal feeding operations 
(CAFOs), and the agriculture industry have been identified as sources of ARGs due to the selective 
pressure they place on the environment.2,15 Hospitals alone prescribe approximately 258 million 
courses of antibiotics annually and the residual amounts of antibiotics and ARGs are discharged 
to the environment due to insufficient treatment in WWTPs.2,10,14,18 Similarly, approximately 11 
million kg of antimicrobial drugs are used in food-producing animals for therapeutic, prophylactic, 
and growth stimulation purposes.25,28 Of the approximate 180 million dry tons of livestock and 
poultry waste generated annually, 25-75% is excreted unaltered in fecal matter and persists in the 
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soil.4,15 Moreover, approximately 5.6 million dry tons of biosolids are produced annually from 
WWTPs and are applied to farmland resulting in further dissemination of ARGs in the 
environment.9,21,30 
Quantification of sulfonamides, which make up approximately 2.5% or 274,112 kg of the 
total antimicrobial drugs used in food-producing animals, has been recently been categorized as 
“high priority.”3,28 The present study quantified two sulfonamide resistance genes, sul1 and sul2, 
and one class 1 integron-integrase gene, intI1, in 34 commercially available garden products via 
qPCR. In addition, ARG content in gardening products was contextualized relative to natural soils 
and community soils. All products were analyzed with respect to gene copies per gram of soil and 
per 16s rRNA and correlation coefficients between ARGs and intI1 quantities were calculated. 
4.0 MATERIALS AND METHODS 
4.1 Garden Product Selection and Collection 
This study surveyed 34 commercially available all-purpose garden products: 10 potting 
soils, 7 garden soils, 4 fruit amendments, 4 lawn amendments, 6 manures, and 3 composts. The 
garden products included 17 brands purchased from major gardening stores and 1 brand purchased 
from a wholesaler. Garden products were categorized based on packaging descriptions. For 
example, potting soils were labeled as initial growing mediums for potting plants. Products 
categorized as garden soils were for mixing with the topsoil of a garden. Amendments were 
described as products added to a soil to improve its physical properties. More specifically, fruit 
amendments were added to a soil to grow fruits and vegetables while lawn amendments were 
added to grow grass. Steer or chicken manures were identified as quick nutrient boosters. Manure 
sources ranged from poultry litter and dairy cow manure to bat guano (Table 4.1.1). Lastly, garden 
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products advertised as “natural” and “organic” were verified against Organic Material Review 
Institute (OMRI) certification and Demeter certification. Out of the 34 garden products, 11 were 
OMRI certified and 2 were Demeter certified (Table 4.1.2). 
The 34 garden products were sampled in triplicate (n=102) and homogenized manually. 
For each triplicate, 80g were stored for hydrometer analysis at -20C. In addition, for each 
triplicate, full 50mL falcon tubes were stored for loss on ignition analysis at 4C. Lastly, for each 
triplicate, 0.25  .01g  were measured into sterile 2mL screw cap tubes preloaded with 1 ± 0.05g 
of 0.7mm garnet beads (MO BIO Laboratories, Inc., Carlsbad, CA) for ARG quantification 
analysis.26 
4.2 Natural Soil Selection and Collection 
5 natural soils were selected based on trail accessibility, foot traffic, and distance to 
potential anthropogenic contamination sources such as freeways, industrial sites, farms, and 
residential areas. Coordinates were recorded for all natural soils (Figure 4.2.1). Samples were 
collected on January 29th and March 1st, on weekdays before a rain event, when hiking was less 
likely. To obtain a composite representation of each trail, samples were collected at the beginning, 
middle, and end of the trail (n=15). Samples were collected approximately 3ft away from the trail 
where the soil was undisturbed, uncompacted, and free of debris. Furthermore, natural soils were 
collected from the top 0-2cm of soil using sterile 50mL falcon tubes and transported in coolers 
with ice before being stored at 4C. When processing, the 50mL falcon tubes were mixed manually 
and 0.25  .01g were measured into sterile 2mL screw cap tubes preloaded with 1 ± 0.05g of 
0.7mm garnet beads (MO BIO Laboratories, Inc., Carlsbad, CA) for ARG quantification analysis. 
The remaining soil was utilized for loss on ignition analysis.26  
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4.3 Community Soil Selection and Collection 
3 community soils were selected based on potential for human exposure, such as 
community gardens, parks, and residential buildings that were maintained by landscaping 
companies. Community soils were collected throughout January, before a rain event, from 
Crenshaw, Venice, and Westwood, CA. To obtain a composite representation of each site, three 
1m2 plots with no debris were randomly selected (n=9). Community soils were collected from the 
top 0-2cm of soil using sterile 50mL falcon tubes and transported in coolers with ice before being 
stored at 4C. The community soils in the 50mL falcon tubes were shaken prior to measuring 0.25 
 .01g into sterile 2mL screw cap tubes preloaded with 1 ± 0.05g of 0.7mm garnet beads for ARG 
quantification analysis (MO BIO Laboratories, Inc., Carlsbad, CA). The remaining community 
soil was stored for loss on ignition analysis.26  
4.4 Soil Characterization  
To determine the percentage of moisture content and total solids, 2± 0.05g of garden 
products, natural soils, and community soils were oven dried at 105C for 24 hours. Successively, 
to determine fixed and volatile soils the dried samples were ignited in a heat furnace at 550C for 
2 hours.27 To obtain an estimate of the distribution of soil particle sizes, clay <4μm, silt 4–63μm, 
and sand <63μm, 80g of each garden product was oven dried at 70C, placed on a shaker table at 
125rpm for 24 hours in a 5% (w/w) sodium metaphosphate solution, and transferred to 1L cylinders 
for hydrometer readings immediately after and 2 hours after inverting (Table 4.4.1).1  
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4.5 DNA Extraction 
Garden products, natural soils, and community soils were DNA extracted using the DNeasy 
PowerSoil Kit (Qiagen, Germantown, MD) within one week of collection. Alongside every 
extraction an additional 2 mL screw cap tube preloaded with 1 ± 0.05g of 0.7mm diameter garnet 
beads (Qiagen, Germantown, MD) with no sample was extracted to confirm that no contamination 
occurred during the extraction procedure. Eluted DNA was aliquoted and stored at -20C. The 
total DNA concentration was determined using a Nanodrop 2000 C (Thermo Scientific, Waltham, 
MA). Samples were diluted to 1ng/μL and stored at -20C prior to qPCR.  
4.6 qPCR 
Garden products, natural soils, and community soils were analyzed for absolute gene 
abundances of sul1, sul2, intI1, and 16S rRNA utilizing qPCR standard curve experiments. The 
qPCR 25μL mixture consisted of 12.5μL of PowerUp SYBR Green MasterMix (Life 
Technologies, Grand Island, NY), 1.25μL of each working concentration primer, forward and 
reverse, 2μL of diluted sample DNA, and 8μL of molecular grade water. All qPCR assays were 
performed in 96-well reaction plates using a StepOne Plus Real-Time PCR System (Applied 
Biosystems, Foster City, CA). Each qPCR assay included a 7-point standard curve positive control, 
molecular grade water negative control, diluted sample DNA, and corresponding extraction 
blanks. The gene cycling conditions, primer sequences, and primer concentrations used were 
developed and validated previously in the literature (Table 4.6.1- 4.6.2).12,15,24 Following qPCR, 
melting curves were analyzed to verify target gene amplification specificity. Lastly, qPCR assays 
had standard curve efficiencies ranging from 91-98% and all R2 values were above 0.99 (Table 
4.6.2). 
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As previously mentioned, extracted DNA was diluted to 1 ng/L using molecular grade 
water prior to qPCR to correct for inhibition effects. Serial dilution and well spike tests were 
performed to obtain a standardized sample DNA concentration. Serial dilution consisted of 
selecting random sample DNA extracts and serially diluting by a factor of 4. Sample DNA extracts 
were quantified via qPCR to determine the lowest dilution concentration. Well spikes involved 
randomly selecting unquantifiable samples and running them at higher known concentrations to 
confirm absence of inhibition. Dilution factors were incorporated in the data analysis to obtain 
gene copies per mass and per 16s rRNA quantities. 
Standard curves were designed using sequences with at least 257 bp from the NCBI 
database and ordered through IDT Technologies (Coralville, IA). Standard curves of 7 orders of 
magnitude were generated by serially diluting known concentrations of the designed gene DNA 
fragment, allowing for quantification of gene copies.  
4.7 Statistical Analysis 
Absolute intI1 abundances were correlated to absolute gene abundances of sul1 and sul2. 
Correlations were calculated using Pearson’s bivariate correlation coefficient in SAS (SAS 
Institute Inc., Cary, NC). The null hypothesis was rejected at a p-value less than or equal to 0.05.  
5.0 RESULTS AND DISCUSSION 
 sul1, sul2 and intI1 absolute and relative gene abundances were comparably quantified in 
garden products and community soils, while gene abundances were absent or approximately 2-4 
orders of magnitude lower in natural soils (Figure 5.0.1-5.0.2, Table 5.0.1-5.0.2). Out of all the 
garden products, potting soils consistently had the lowest absolute and relative ARG quantity. 
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Conversely, the highest absolute and relative ARG quantity varied for each gene between the 
garden soils in one instance, lawn amendments in two instances, and composts in three instances. 
 The 11 OMRI certified garden products had comparable gene abundances to the 23 non-
OMRI certified garden products. This demonstrates that OMRI certification cannot serve as an 
indicator for ARG introduction via garden products. Although, sul1, sul2, and intI1 gene 
abundances were detected for the 2 Demeter certified garden products, more Demeter certified 
products are needed to determine if Demeter certification may serve as an ARG predictor. 
5.1 sul1 Quantities 
sul1 quantities were consistently quantifiable in 33 out of the 34 garden products, all 
community soils, and all natural soils.  Absolute gene quantities ranged from 4.8 x 102 - 9.4 x 107 
sul1 gene copies per gram and relative gene quantities ranged from 9.0 x 10-6 - 4.9 x 10-2 sul1 gene 
copies per 16s rRNA. Out of all samples, absolute and relative gene abundances for manures had 
the least variability (Table 5.0.1-5.0.2). 
More specifically, sul1 quantification was observed from 4.8 x 102 - 5.6 x 105, 2.6 x 104 - 
2.4 x 106, 3.2 x 104 - 9.2 x 105, 4.7 x 104 - 2.0 x 106, 1.7 x 105 - 1.2 x 106, and 6.5 x 104 - 9.4 x 107 
sul1 gene copies per gram for potting soils, garden soils, fruit amendments, lawn amendments, 
manures, and composts, respectively. Community soil quantities ranged from 8.5 x 105 - 9.9 x 106 
sul1 gene copies per gram, while natural soils ranged from 4.9 x 102 - 7.2 x 103 sul1 gene copies 
per gram (Table 5.0.1).  
Moreover, relative to 16s rRNA, sul1 gene copies detected ranged from 9.0 x 10-6 - 2.2 x 
10-3, 1.5 x 10-4 - 6.5 x 10-3, 1.7 x 10-3 - 1.3 x 10-2, 7.3 x 10-4 - 1.6 x 10-2, 1.6 x 10-3 - 7.1 x 10-3, and 
3.7 x 10-4 - 4.9 x 10-2 sul1 gene copies per 16s rRNA for potting soils, garden soils, fruit 
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amendments, lawn amendments, manures, and composts, respectively. Community soil quantities 
ranged from 2.3 x 10-4 - 1.9 x 10-2 sul1 gene copies per 16s rRNA, while natural soils ranged from 
4.7 x 10-6 - 6.0 x 10-5 sul1 gene copies per 16s rRNA (Table 5.0.2).  
From Figures 5.0.1-5.0.2, it is evident that the absolute and relative gene quantities in 
community soils compare to the highest absolute and relative gene quantities in garden products. 
While natural soils had significantly lower absolute and relative gene quantities by 2-4 orders of 
magnitude compared to both garden products and community soils.  
5.2  sul2 Quantities 
sul2 quantities were detected in all garden products and community soils, but only 1 out of 
the 5 natural soils. Absolute gene quantities ranged from 2.9 x 102 - 1.3 x 107 sul2 gene copies per 
gram and relative gene quantities ranged from 6.1 x 10-6 - 5.9 x 10-1 sul2 gene copies per 16s 
rRNA. Out of the samples detected, community soils for absolute gene quantities and composts 
for relative gene quantities had the least variability spanning less than one order of magnitude 
(Table 5.0.1-5.0.2). 
sul2 absolute gene quantities for potting soils, garden soils, fruit amendments, lawn 
amendments, manures, and composts ranged from 2.9 x 102 - 1.7 x 106, 4.6 x 104 - 1.3 x 107, 2.4 
x 104 - 5.8 x 106, 1.8 x 105 - 9.5 x 106, 6.5 x 105 - 1.2 x 107, and 2.6 x 105 - 2.9 x 106 sul2 gene 
copies per gram, respectively. Community soil quantities ranged from 1.4 x 106 - 2.0 x 106 sul2 
gene copies per gram, while the natural soil detected was 3.6 x 102 sul2 gene copies per gram 
(Table 5.0.1).  
Furthermore, when normalized to 16s rRNA, sul2 gene copies quantities ranged from 6.1 
x 10-6 - 1.2 x 10-2, 2.5 x 10-4 - 7.9 x 10-2, 1.5 x 10-3 - 4.9 x 10-2, 1.4 x 10-3 - 5.9 x 10-1, 2.1 x 10-3 - 
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8.3 x 10-2, and 1.4 x 10-3 - 1.9 x 10-3 sul2 gene copies per 16s rRNA for potting soils, garden soils, 
fruit amendments, lawn amendments, manures, and composts, respectively. Community soil 
quantities ranged from 2.0 x 10-3 - 3.4 x 10-3 sul2 gene copies per 16s rRNA, while the natural soil 
detected had a quantity of 4.9 x 10-6 sul2 gene copies per 16s rRNA (Table 5.0.2).  
Notably, Figures 5.0.1-5.0.2 show that the absolute and relative gene quantities for all 
garden products and community soils were comparable while the only natural soil quantifiable for 
sul2 was 2-4 orders of magnitude lower.  
5.3  intI1 Quantities 
intI1 gene abundances were present for 31 out of the 34 garden products, all community 
soils, and 3 out of the 5 natural soils. Values ranged from 3.8 x 103 - 8.8 x 106 intI1 gene copies 
per gram and relative gene quantities ranged from 3.4 x 10-5 - 5.1 x 10-2 intI1 gene copies per 16s 
rRNA. Out of the samples detected, community soil absolute and relative gene abundances had 
the least variability (Table 5.0.1-5.0.2). 
Absolute gene abundances observed were 3.8 x 108 - 8.0 x 105, 1.9 x 104 - 2.3 x 106, 7.7 x 
104 - 1.2 x 106, 4.1 x 104 - 9.8 x 105, 7.1 x 104 - 9.2 x 105, and 6.2 x 104 - 8.8 x 106 intI1 gene 
copies per gram for potting soils, garden soils, fruit amendments, lawn amendments, manures, and 
composts, respectively. Community soil and natural soil quantities ranged from 4.3 x 105 - 3.1 x 
106 and 9.6 x 101 - 5.1 x 102 intI1 gene copies per gram, respectively (Table 5.0.1).  
Relative gene abundances were 3.4 x 10-5 - 3.2 x 10-3, 1.1 x 10-4 - 6.3 x 10-3, 2.3 x 10-3 - 
1.5 x 10-2, 3.2 x 10-4 - 5.1 x 10-2, 5.0 x 10-4 - 7.1 x 10-3, and 3.8 x 10-4 - 4.5 x 10-3 intI1 gene copies 
per 16s rRNA for potting soils, garden soils, fruit amendments, lawn amendments, manures, and 
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composts, respectively. Community soil and natural soil quantities ranged from 1.2 x 10-4 - 6.2 x 
10-3 and 4.4 x 10-7 - 4.8x 10-6 intI1 gene copies per 16s rRNA, respectively (Table 5.0.2).  
intI1 Figure 5.0.1-5.0.2 demonstrate similar absolute and relative gene quantities for all 
garden products and community soils. However, natural soils had lower absolute and relative gene 
abundances by 2-4 orders of magnitude.  
5.4 ARG Quantities in Environmental Context 
 The sul1 gene abundances reported for garden products and community soils compare to 
those already reported in the literature for fertilized soil, manures, and parks.7,12,17,19,22 Studies of 
fertilized soils have detected sul1 at 107 and 4.19 x 104 gene copies per gram and 10-4 and 10-6 
gene copies per 16s rRNA.17,19,22 Moreover, sul1 in manures has been recorded at 1.5 x 108 gene 
copies per gram and 10-6 - 10-4, 10-6 - 10-4, and 10-5 - 10-2 gene copies per 16s rRNA.5,12,19 In 
addition, a survey of Los Angeles parks has previously quantified sul1 absolute and relative gene 
quantities ranging from 1.5 x 105 - 4.0 x 108 gene copies per gram and 9.0 x 10-4 - 2.7 gene copies 
per 16s rRNA, respectively.7 Similarly, intI1 absolute and relative gene quantities reported here 
also compare to those reported for fertilized soil at 107 gene copies per gram.17,22  
5.5 Correlations 
The Pearson correlation coefficient calculated for sul1 and intI1gene copies per gram was 
r=0.96483 (R2=0.9309, p<0.01) (Figure 5.5.1). The sul1 and intI1 correlation further confirms 
results of several environmental studies finding statistical significances between sul1 and intI1 
gene quantities.8,20  
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In addition, correlations for sul1, sul2, and intI1 absolute gene abundances with soil 
characteristics demonstrate that resistance is conferred via non-physical soil conditions (Figure 
5.5.2-5.5.4).  
6.0 APPENDIX 
 
Figure 3.1. Mechanisms of Antibiotic Resistance11 
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Figure 3.2. Mechanisms of Horizontal Gene Transfer6 
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Table 4.1.1. Garden Product Categories 
Product 
Type 
Sample 
ID 
Product Name Brand Name 
P
o
tt
in
g
 S
o
il
 
B1 Potting Mix Miracle Gro 
B2 Edna’s best potting soil EB Stone 
B3 Patio Plus Premium Outdoor Potting Mix Kellogg 
B4 Moisture Control Potting Mix Miracle Gro 
B5 Natural and Organic Potting Mix Jobe’s Organics 
B6 Black Gold All Purpose Potting Mix Sungro 
B7 Organic Potting Mix for all potted plants Espoma 
B8 All Purpose Potting Mix Vigoro 
B9 Baby Bu’s Biodynamic Blend Potting Soil  
Malibu 
Compost 
B10 Natural + Organic Potting Mix Ecoscraps 
G
a
rd
en
 S
o
il
 
B11 All Natural Garden Soil Kellogg 
B12 Organic Gardening Soil Nature’s Care 
B13 Premium All Purpose Planting Mix Dr Earth 
B14 Organic Garden Soil Ecoscraps 
B15 Flower & Vegetable Garden Soil Sta Green 
B16 All Purpose Garden Soil Vigoro 
B17 All Purpose Garden Soil Miracle Gro 
F
ru
it
  
  
  
  
A
m
en
d
m
en
t B21 Organic Plus: Tomato, Vegetable Kellogg 
B22 Garden-tone: Herb and Vegetable Food Espoma 
B24 Vegetable and Tomato Jobe’s Organics 
B25 Starter and Transplanting Granular Plant Food Burpee 
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Product 
Type 
Sample 
ID 
Product Name Brand Name 
L
a
w
n
 A
m
e
n
d
m
e
n
t 
B31 
Organic Plus: Topper Soil for Lawns, Sod, and 
Seed 
Kellogg 
B32 Tree & Shrub Garden Soil Plus Fertilizer Sta Green 
B33 Turf Max 
Green As It 
Gets 
B34 Palm, Cactus, and Citrus Kellogg 
M
a
n
u
re
 
B41 Steer manure Blend Earthgro 
B42 Steer Manure Gardeners 
B43 Steer Manure Wholesale 
B51 Composted Chicken Manure G&B Organics 
B52 Chicken Manure Earthgro 
B53 Chicken Manure Wholesale 
N
a
tu
ra
l 
S
o
il
s 
B61 Temescal Canyon Trail NA 
B62 Franklin Canyon Trailhead NA 
B63 Los Leones Canyon Trailhead NA 
B64 Santa Ynez Canyon Trailhead NA 
B65 Tuna Canyon Park Trailhead NA 
C
o
m
m
u
n
it
y
 
S
o
il
s 
B71 Public Garden Unknown 
B72 Housing Unit Unknown 
B73 Public Park Unknown 
C
o
m
p
o
st
 B81 Compost Wholesale 
B82 Compost Unknown 
B83 Bu’s Blend Biodynamic Compost 
Malibu 
Compost 
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Table 4.1.2. OMRI and Demeter Certifications 
Sample 
ID 
Certifications Branding Manure Source 
OMRI Demeter Organic Natural Premium Poultry Dairy Cow Steer Bat Guano Not Available 
B1 No No               X 
B2 No No X           X   
B3 Yes No X   X X         
B4 No No               X 
B5 No No X X           X 
B6 No No         X       
B7 No No X X   X         
B8 No No               X 
B9 No Yes X       X       
B10 No No X X           X 
B11 Yes No X X   X     X   
B12 Yes No X X   X         
B13 Yes No X X X         X 
B14 Yes No X             X 
B15 No No               X 
B16 No No               X 
B17 No No               X 
B21 Yes No X     X         
B22 No No X     X         
B24 Yes No X     X         
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Sample 
ID 
Certifications Branding Manure Source 
OMRI Demeter Organic Natural Premium Poultry Dairy Cow Steer Bat Guano Not Available 
B25 Yes No X X           X 
B31 Yes No X     X         
B32 No No               X 
B33 No No X             X 
B34 Yes No X     X         
B41 No No   X       X     
B42 No No           X     
B43 No No X         X     
B51 Yes No X     X         
B52 No No       X         
B53 No No X     X         
B61 NA NA               X 
B62 NA NA               X 
B63 NA NA               X 
B64 NA NA               X 
B65 NA NA               X 
B71 NA NA               X 
B72 NA NA               X 
B73 NA NA               X 
B81 No No X             X 
B82 NA NA               X 
B83 No Yes         X       
 17 
 
 
Figure 4.2.1. A map of trailheads where natural soils were collected (B61: Temescal Canyon, B62: Franklin Canyon, B63: Los Leones 
Canyon, B64: Santa Ynez Canyon, and B65: Tuna Canyon). 
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Table 4.4.1. Soil Characterization 
Category Brand 
Soil Composition 
Soil 
Moisture 
Content (%) 
Loss on Ignition Analysis 
% Sand % Clay % Silt 
% Total 
Solids 
%Fixed 
Solids 
% 
Volatile 
Solids 
Potting Soil 
B1 88.2 1.7 10.1 5.27 42.53 24.19 75.81 
B2 89.3 1.0 9.7 3.99 58.98 23.59 76.41 
B3 93.0 1.6 5.4 4.34 58.47 45.99 54.01 
B4 86.5 0.0 13.5 5.81 40.73 26.80 73.20 
B5 93.2 0.0 6.8 4.89 53.96 27.28 72.72 
B6 85.9 1.3 12.9 2.95 70.27 45.61 54.39 
B7 86.1 0.7 13.2 5.58 40.99 21.35 78.65 
B8 95.3 2.8 1.9 3.82 63.30 32.13 67.87 
B9 97.3 0.0 2.7 4.99 43.98 54.70 45.30 
B10 91.2 2.6 6.1 4.44 55.63 50.58 49.42 
Garden Soil 
B11 89.1 5.3 5.6 4.20 57.64 43.52 56.48 
B12 82.6 6.8 10.6 6.16 38.10 26.61 73.39 
B13 86.2 6.4 7.4 3.74 61.30 21.12 78.88 
B14 96.1 2.8 1.1 5.57 44.44 61.17 38.83 
B15 89.0 3.2 7.9 5.33 47.26 26.46 73.54 
B16 91.5 4.3 4.2 4.58 49.25 40.14 59.86 
B17 85.1 8.5 6.4 4.85 50.50 24.09 75.91 
Fruit 
Amendment 
B21 84.3 7.7 8.1 0.95 90.41 41.68 58.32 
B22 77.4 15.7 6.9 0.78 92.04 43.24 56.76 
B24 79.6 16.6 3.8 1.05 88.70 65.17 34.83 
B25 66.4 19.4 14.1 0.58 93.85 44.42 55.58 
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Category Brand 
Soil Composition 
Soil 
Moisture 
Content (%) 
Loss on Ignition Analysis 
% Sand % Clay % Silt 
% Total 
Solids 
%Fixed 
Solids 
% 
Volatile 
Solids 
Lawn 
Amendment 
B31 81.2 10.0 8.8 4.16 57.54 42.70 57.30 
B32 NA NA NA NA NA NA NA 
B33 NA NA NA NA NA NA NA 
B34 NA NA NA NA NA NA NA 
Manure 
B41 90.0 8.3 1.6 3.37 66.94 66.39 33.61 
B42 NA NA NA 4.34 51.90 40.14 59.86 
B43 NA NA NA 3.87 59.51 36.62 63.38 
B51 90.5 5.7 3.8 3.91 57.31 59.70 40.30 
B52 NA NA NA NA NA NA NA 
B53 NA NA NA 3.09 64.51 42.51 57.49 
Natural Soil 
B61 NA NA NA 1.40 83.91 88.16 11.84 
B62 NA NA NA 1.49 83.92 94.44 5.56 
B63 NA NA NA 2.04 79.38 91.07 8.93 
B64 NA NA NA 1.51 82.41 96.22 3.78 
B65 NA NA NA 1.57 82.35 95.59 4.41 
Community 
Soil 
B71 NA NA NA 2.50 72.17 84.58 15.42 
B72 NA NA NA 5.22 46.00 47.09 52.91 
B73 NA NA NA 4.65 56.45 34.29 65.71 
Compost 
B81 NA NA NA 5.25 44.90 31.92 68.08 
B82 NA NA NA 5.21 48.69 68.43 31.57 
B83 96.6 1.9 1.6 2.40 73.02 75.52 24.48 
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Table 4.6.1. Primer Sequences and Concentrations 
 
 
        
Target 
Gene 
 
Primer 
 Concentration 
(nM)  Sequence (5'-3')  
Amplicon size 
(bp)   
 
 
        
sul124 
 
sul1-F  200  CGCACCGGAAACATCGCTGCAC  258  
 
 
sul1-R    TGAAGTTCCGCCGCAAGGCTCG    
 
 
        
sul215 
 
sul2-F  200  CTCCGATGGAGGCCGGTAT  449  
 
 
sul2-R    GGGAATGCCATCTGCCTTGA    
 
 
        
intI115 
 
intI1-F  200  GGCTTCGTGATGCCTGCTT  424  
 
 
intI1-R    CATTCCTGGCCGTGGTTCT    
 
 
        
16S rRNA12 
 
16S rRNA-F  100  CCTACGGGAGGCAGCAG  257  
 
 
16S rRNA-R    ATTACCGCGGCTGCTGG    
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Table 4.6.2. qPCR Run Methods 
 Holding  Denaturation  Annealing  Extension     
Target gene 
Temp. 
(℃) 
Time 
(min) 
 
Temp. 
(℃) 
Time 
(s) 
 
Temp. 
(℃) 
Time 
(s) 
 
Temp. 
(℃) 
Time 
(s) 
 R2  
Amp. 
Eff. 
                     
sul124 95 10  95 15  65 30  72 30  .991 ± 0.020  97 ± 5.8 
                
sul215 95 15  95 15  58.5 30  72 30  .992 ± 0.010  91 ± 0.8 
                     
intI115 95 10  95 15  55 30  72 30  .999 ± 0.000  98 ± 2.2 
                
16S rRNA12 95 15  95 15  60 30  72 30  .999 ± 0.005  97 ± 2.1 
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Figure 5.0.1. Absolute Gene Quantities 
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Figure 5.0.2. Relative Gene Quantities  
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Table 5.0.1. Absolute Gene Quantities 
Product 
Type 
Sample 
ID 
sul1 sul2 intI1  
Product 
Type 
Sample 
ID 
sul1 sul2 intI1 
 
P
o
tt
in
g
 S
o
il
 
B1 1.3E+04 1.7E+06 7.0E+03  
L
a
w
n
 
A
m
en
d
m
en
t B31 2.0E+06 5.0E+06 9.8E+05 
B2 7.8E+02 2.6E+04 0.0E+00  B32 1.2E+05 1.8E+05 4.1E+04 
B3 2.0E+05 4.6E+05 2.8E+05  B33 4.0E+05 9.5E+06 7.9E+05 
B4 1.1E+04 7.1E+04 3.8E+03  B34 4.7E+04 4.3E+05 9.6E+04 
B5 4.8E+02 2.9E+02 0.0E+00  
M
a
n
u
re
 
B41 1.7E+05 2.6E+06 1.0E+05 
B6 1.2E+04 6.1E+05 4.4E+03  B42 1.7E+05 6.5E+05 7.1E+04 
B7 0.0E+00 3.4E+03 0.0E+00  B43 7.6E+05 9.8E+05 2.5E+05 
B8 5.6E+05 2.5E+05 8.0E+05  B51 1.0E+06 1.2E+07 9.2E+05 
B9 9.2E+03 2.0E+05 5.9E+03  B52 5.3E+05 1.8E+06 5.3E+05 
B10 1.4E+05 1.2E+06 7.0E+04  B53 1.2E+06 6.5E+05 2.2E+05 
G
a
rd
en
 S
o
il
 
B11 8.9E+05 4.3E+05 3.3E+05  
N
a
tu
ra
l 
S
o
il
s B61 1.2E+03 0.0E+00 0.0E+00 
B12 5.0E+05 2.0E+06 1.2E+05  B62 4.9E+02 0.0E+00 0.0E+00 
B13 1.6E+05 6.2E+05 3.2E+04  B63 1.9E+03 0.0E+00 9.6E+01 
B14 2.6E+04 4.6E+04 1.9E+04  B64 7.2E+03 0.0E+00 5.1E+02 
B15 3.3E+05 1.3E+07 7.5E+04  B65 6.6E+02 3.6E+02 1.2E+02 
B16 2.4E+06 6.6E+06 2.3E+06  
C
o
m
m
u
n
it
y
 
S
o
il
s 
B71 8.0E+06 2.0E+06 2.5E+06 
B17 3.4E+05 2.9E+06 1.5E+05  B72 8.5E+05 7.8E+06 4.3E+05 
F
ru
it
  
  
  
  
A
m
en
d
m
en
t B21 9.2E+05 5.1E+06 1.2E+06 
 
B73 9.9E+06 1.4E+06 3.1E+06 
B22 4.1E+05 5.6E+04 4.6E+05  
C
o
m
p
o
st
 
B81 4.9E+06 9.4E+05 1.4E+06 
B24 3.2E+04 2.4E+04 7.7E+04  B82 9.4E+07 2.9E+06 8.8E+06 
B25 4.8E+05 5.8E+06 9.2E+05  B83 6.5E+04 2.6E+05 6.2E+04 
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Table 5.0.2. Relative Gene Quantities 
Product 
Type 
Sample 
ID 
sul1 sul2 intI1  
Product 
Type 
Sample 
ID 
sul1 sul2 intI1 
 
P
o
tt
in
g
 S
o
il
 
B1 1.2E-04 1.2E-02 8.0E-05  
L
a
w
n
 
A
m
en
d
m
en
t B31 8.5E-03 2.2E-02 4.1E-03 
B2 9.0E-06 2.4E-04 0.0E+00  B32 9.5E-04 1.4E-03 3.2E-04 
B3 7.3E-04 1.7E-03 9.7E-04  B33 1.6E-02 5.9E-01 5.1E-02 
B4 1.5E-04 8.9E-04 4.4E-05  B34 7.3E-04 6.7E-03 1.5E-03 
B5 9.1E-06 6.1E-06 0.0E+00  
M
a
n
u
re
 
B41 1.8E-03 2.8E-02 1.1E-03 
B6 9.9E-05 6.3E-03 3.4E-05  B42 2.2E-03 8.7E-03 9.3E-04 
B7 0.0E+00 5.7E-05 0.0E+00  B43 1.6E-03 2.3E-03 5.0E-04 
B8 2.2E-03 1.0E-03 3.2E-03  B51 6.9E-03 8.3E-02 6.1E-03 
B9 6.7E-05 1.5E-03 4.1E-05  B52 7.1E-03 2.3E-02 7.1E-03 
B10 3.7E-04 3.1E-03 1.7E-04  B53 4.1E-03 2.1E-03 8.4E-04 
G
a
rd
en
 S
o
il
 
B11 2.5E-03 1.2E-03 8.1E-04  
N
a
tu
ra
l 
S
o
il
s 
B61 4.7E-06 0.0E+00 0.0E+00 
B12 1.7E-03 5.5E-03 3.8E-04  B62 4.9E-06 0.0E+00 0.0E+00 
B13 1.2E-03 4.6E-03 2.5E-04  B63 9.3E-06 0.0E+00 4.4E-07 
B14 1.5E-04 2.5E-04 1.1E-04  B64 6.0E-05 0.0E+00 4.8E-06 
B15 1.4E-03 7.9E-02 3.2E-04  B65 9.0E-06 4.9E-06 1.6E-06 
B16 6.5E-03 1.8E-02 6.3E-03  
C
o
m
m
u
n
it
y
 S
o
il
s B71 1.4E-02 3.4E-03 4.5E-03 
B17 6.3E-04 5.5E-03 2.9E-04  B72 2.3E-04 2.0E-03 1.2E-04 
F
ru
it
  
  
  
  
A
m
en
d
m
en
t B21 1.7E-03 9.4E-03 2.3E-03  B73 1.9E-02 2.9E-03 6.2E-03 
B22 1.3E-02 1.5E-03 1.5E-02  
C
o
m
p
o
st
 
B81 1.4E-02 1.8E-03 3.5E-03 
B24 4.2E-03 3.2E-03 9.8E-03  B82 4.9E-02 1.9E-03 4.5E-03 
B25 3.9E-03 4.9E-02 7.3E-03  B83 3.7E-04 1.4E-03 3.8E-04 
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Figure 5.5.1.  sul1 and intI1 Correlation 
 
 
Figure 5.5.2.  sul1 and Soil Characteristics Correlation 
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Figure 5.5.3.  sul2 and Soil Characteristics Correlation 
 
 
Figure 5.5.4.  intII and Soil Characteristics Correlation 
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